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© Optical recording medium. 



© An optical recording medium of the type on which information can be written, and read by irradiating light to 
a recording layer formed on a substrate and in which writing and erasing of the information are effected by 
phase transition between an amorphous phase and a crystalline phase, includes at least a substrate (1), a 
recording layer (3) one or two protective layers (2,4). The composition of the recording layer comprises at least 
one kind of metal selected from palladium (Pd), nickel (Ni), silver (Ag), and gold (Au); antimony (Sb); germanium 
(Ge); and tellurium (Te), and is expressed by the formula given below. 
(M x Sb y Te 1 . x .y)i.z(Teo.5Ge 0 .5)z 
0.01 £ x ^ 0.1 
0.35 £ y £ 0.65 
1-0.1 Sz* 0.2 

^ where each of x, y, z and 0.5 represents the atomic fraction of each element and M represents at least one kind 
lO of metal selected from Pd, Ni, Ag and Au. p j g \ 
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OPTICAL RECORDING MEDIUM 



This invention relates to optical recording media capable of writing and reading information by 
irradiation of a light beam. More particularly, the invention relates to rewritable phase change optical 
recording media having functions of erasing and rewriting recorded information and capable of writing 
information at a high speed and with a high recording density, such as optical disks, optical cards, optical 
5 tapes and so forth. 

Technique of conventional rewritable optical recording media by utilizing phase change of recording 
layer is as follows. 

Optical recording media have a recording layer consisting of tellurium as its principal component. A 
focused laser beam pulse is irradiated for a short period of time to a crystalline recording layer at the time 
w of writing to melt at the spot of the recording layer. The fused recording layer is quenched by thermal 
diffusion and is solidified, thereby providing recording marks in amorphous state. 

Reflectance of the recording marks is lower than that in the crystalline state and the recording marks 
can be read optically as recording signals. 

A laser beam is irradiated to the recording mark portions at the time of erasing to heat the recording 
75 layer to a temperature below its melting point but above its crystallization temperature so that the recording 
marks in the amorphous state can be crystallized and returned to the original non-recorded state. 

Definite examples of such rewritable phase change optical recording media, there are, as recording 
layers, recording materials whose thermal stability is improved by adding small amounts of cross linking 
elements such as Ge and Sb to tellurium or Te-Se alloy, such as TesiGeisSb2S2 (Japanese patent 
20 application Kokai publication No. 47-26897) and TesoSbioSeio (Japanese patent application Kokai publica- 
tion No. 61-145758). 

However, the recording layers involve a drawback that since they causes phase separation into tellurium 
"in the crystalline state and tellurium compounds of the cross linking elements at the time of switching from 
the amorphous state to the crystalline state, the crystallization speed and the speed of the erasing process 
25 or of the writing process of the recording information are low. 

To compensate for the erasing speed of the recording layer having such a low crystallization speed, 
there has been proposed a technique which makes the erasing process by use of an exclusive optical head 
for the erasing process with a light beam elongated in a travelling direction of the medium. 

In accordance with such a technique, however, the optical head is complicated in structure and its 
30 mass-production is difficult. Even when the erasing light beam is elongated in cross section in order to 
improve the erasing speed, the technical upper limit of the elongation is up to about 10 urn and in order to 
accomplish higher speed writing and erasing processes, a high crystallization speed must be attained. 

Known recording layers having a high crystallization speed use Sb-Se alloy (Japanese patent applica- 
tion Kokai publication No. 60-155495), Sb2Te3 alloy (Japanese patent application Kokai publication No. 59- 
35 185048), and Te-Ge-Sb alloy [Japanese patent application Kokai publications No. 62-209742 and No. 63- 
225934; N. Yamada et al, Jpn. J. Appi. Phys., 26, Suppl. 26-4, 61-66(1987)], and the like. 

The optical recording media using Sb-Se alloy as the recording layer involve a problem that noise in 
the read signals increases with the writing and erasing cycles. The optical recording media using SD2T3 
alloy as the recording layer is not free from the problem of thermal instability of the recording marks 
40 because the crystallization temperature from the amorphous state is as low as below 100° C. Furthermore, 
the optical recording media using the Te-Ge-Sb alloy have drawbacks that when the composition is a high 
speed erasable composition, deformation is liable to occur and openings are produced in the recording 
layer at the time of writing and its reliability is low, though it has reversibility of writing and erasing. In the 
high speed erasable composition, the crystallization temperature in the amorphous state in somewhat low, 
45 from 123 to 142* C, so that the thermal stability is low and the erasabiiity is not sufficient. Accordingly, it 
has not been possible to satisfy simultaneously high speed erasabiiity and thermal stability. 

It is therefore an object of the present invention to provide rewritable optical recording media whose 
erasing speed is improved by increasing the crystallization speed. 

It is another object of the present invention to provide optical recording media which are excellent in 
so recording characteristics such as a carrier-to-noise ratio, erasabiiity, and the like. 

It is still another object of the present invention to provide optical recording media with small 
deteriorations of write, read and erasing characteristics even when the writing, erasing and rewriting 
processes are repeated. 

It is still another object of the present invention to provide optical recording media which have a high 
crystallization temperature and are excellent in thermal stability. 
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It is a further object of the present invention to provide optical recording media which are excellent in 
oxidation resistance and moisture and heat resistance and have a long service life. 

In other words, the present invention relates to optical recording media capable of writing, erasing and 
reading information by irradiation of light onto a recording layer formed on a substrate, wherein writing and 

5 erasing of the information are effected by the phase transition between the amorphous phase and the 
crystalline phase, wherein at least the recording layer and a protective layer for preventing deformation or 
abrasion (protective layer) are provided, wherein the recording layer comprises at least one metal selected 
from the group consisting of palladium (Pd), nickel (Ni), silver (Ag), and gold (Au); antimony; germanium; 
and tellurium, and wherein the composition is expressed by the following formula: 

to (M x Sb y Te 1 . x . y )i. 2 (Geo. 5 Teo. 5 ) 2 
0.01 ^ x ^ 0.1 
0.35 < y ^ 0.65 
0.2 < z ^ 0.4 

where each of x, y, z and 0.5 represents the atomic fraction of each element, and M is at least one metal 
75 selected from Pd, Ni, Ag and Au. 

Fig. 1 is a schematic sectional view of an optical recording medium in accordance with the present 
invention; 

Fig. 2 is a schematic sectional view showing another structure of the optical recording medium of the 
present invention; and 

20 Rg. 3 is a schematic sectional view showing still another structure of the optical recording medium of 

the present invention. 

The present invention relates to optical recording media capable of writing, erasing and reading 
information by the irradiation of light onto a recording layer formed on a substrate, wherein writing and 
erasing of the information are effected by phase transition between the amorphous phase and the 

25 crystalline phase, wherein the optical recording medium includes at least the recording layer and a 
protective layer for preventing deformation or abrasion (protective layer), wherein the composition of the 
recording layer comprises antimony, germanium and tellurium and at least one metal selected from the 
group consisting of palladium (Pd), nickel (Ni), silver (Ag), and gold (Au); and wherein the composition is 
expressed by the following formula: 

30 (M x SbyTei. x .y)i.z(Geo.5 T eo. 5 ) z 
0.01 ^ x < 0.1 
0.35 ^ y ^ 0.65 
0.2 <z< 0.4 

where each of x, y, z and 0.5 represents the atomic fraction of each element, and M is at least one metal 

35 selected from Pd, Ni, Ag and Au. 

The M-Sb-Te alloy (where M is at least one member selected from the group consisting of Pd, Ni, Ag 
and Au) that constitutes the principal component of the recording film is liable to become the amorphous 
state, has a low melting point and can be easily molten by heating by the irradiation of light. Therefore, 
amorphous recording marks can be formed easily. 

40 This alloy has a higher crystallization speed than a binary alloy of Sb-Te and can be erased by the 
irradiation of a laser beam of about 500 to about 150 nsec. Unlike the Sb-Se alloy systems, the recording 
film consisting of this alloy as the main ingredient is free from irreversible phase separation caused by the 
writing and erasing cycles and from formation of coarse crystals, and can reduce degradation of the 
recording characteristics typified by fluctuation of the recording sensitivity and by drop of the carrier-to- 

45 noise ratio. Furthermore, this alloy has high oxidation resistance and high moisture and heat resistance. 
Since the recorded information is not lost by corrosion or the like in the course of use for a long period, the 
media life can be extended. 

In order to further improve thermal stability of this alloy in the amorphous state, the recording layer of 
the present invention additionally includes stoichiometric compound GeTe to form mixed crystal. The 

so typical crystal state of the M-Sb-Te alloy described above is a non-stoichiometric solid solution phase 
having a single crystal structure of a rhombhedral or face-centered cubic and since its crystal structure and 
lattice constant are analogous to those of GeTe, solid solution can be formed easily in the recording layer of 
the present invention. The typical crystal state of this solid solution comprising the recording layer of the 
present invention is a novel non-stoichiometric compound regarded as a single phase from the result of X- 

55 ray diffraction analysis. Since the crystal state is substantially the single phase, phase separation and 
segregation of the composition are difficult to occur with the writing and erasing cycles and fluctuation of 
the recording characteristics can be reduced. The crystal state of the recording layer of the optical 
recording media in accordance with the present invention is the solid solution phase which can be regarded 
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substantially as the single phase and the phase separation hardly occurs at the time of change from the 
amorphous state to the crystal state. Accordingly, the crystallization speed is high and the writing, erasing 
and rewriting processes can be made at a high speed and thermal stability is high, as weil. 

If the atomic fraction x of the metal expressed by M in the composition of the recording layer described 

5 above such as Pd is greater than 0.1, drop of erasability and increase in the noise level in the read-out 
signals occur and it becomes more difficult to change the crystal into amorphous. If it is less than 0.01, 
significant effects such as improvement of the effects of the thermal stability in the amorphous state and of 
the erasability and the carrier-to-noise ratio cannot be obtained. 

If the atomic fraction y of Sb is greater than 0.65, the writing and erasing cyclability gets deteriorated. If 

w it is less than 0.35, the writing and erasing cyclability gets likewise deteriorated and the erasing speed 
becomes lower. 

If the atomic fraction z of the Ge 0 .5Te 0 . 5 compound is greater than 0.4, the crystallization speed 
becomes low and so the high speed erasing process becomes difficult. If it is smaller than 0.2, the thermal 
stability of recording marks drops because the crystallization temperature is low. 
15 Particularly preferred is the recording film having the composition of the formula (1) containing Pd 
and/or Ni because degradation of the recording characteristics due to the repetitive writing, erasing or 
rewriting cycles is extremely low, the erasing speed and thermal stability are high. 
Formula (1): 

(M x Sb y Te 1 . x . y )i. 2 (Geo. 5 Teo.5)z 
20 0.01 ^ x £ 0.1 
0.35 ^ y ^ 0.65 
0.2 ^ z ^ 0.4 

W here each of x, y, z and 0.5 represents the atomic fraction of each element and M represents the element 
of Pd and, or Ni. 

25 The thickness of the recording layer in the present invention is preferably from 10 to 150 nm to keep 
the better writing sensitivity. To obtain a higher carrier-to-noise ratio of the read-out signals, the thickness is 
preferably from 40 to 150 nm. 

A layer for preventing deformation or abrasion is disposed on at least one surface preferably both 
surfaces of the recording layer of the present invention. The optical recording medium has a structure 

30 comprising: 

substrate/first protective layer/recording layer/second protective layer 
as shown in Fig. 1, for example. 

In the drawing, reference numerals represent the following members: 
1 : substrate 
35 2: first protective layer 

3: recording layer 
4: second protective layer 

However, the structure is not particularly limited to this. Therefore, other layers such as a resin 
protective layer of a UV curing resin or the like and an adhesive layer for lamination with another substrate 

40 may be disposed on the second protective layer provided that the effect of the present invention does not 
deteriorate to an unacceptable level. 

The protective layer is provided in order to prevent deformation of the substrate and the recording layer 
due to heat given at the time of writing and to prevent degradation of the write characteristics. For the 
protective layer, inorganic materials such as ZnS, Si0 2 , and the like may be used. Particularly preferred are 

45 a thin film of ZnS, oxides of a metal such as Si, Ge, Ti, Zr and Te, or their mixtures because of its high heat 
resistance. The ZnS film is preferred particularly because degradation of the writing sensitivity and the 
carrier-to-noise ratio is difficult to occur with repetition of writing and erasing. The thickness of the protective 
layer is generally from 10 to 500 nm, and is preferably from 10 to 300 nm because the protective layer 
does not peel easily and defects such as cracks do not occur easily. 

so In the present invention, a reflective layer such as a thin metal film can be deposited on the protective 
layer. In this case, if the optical recording medium is of the type where the rays of light are irradiated from 
the back of the substrate, the structure consists of 

substrate/first protective layer/recording layer/second protective layer/reflective layer 
as shown in Fig. 2. 

55 In the drawing, reference numerals represent the following members: 
1 : substrate 
2: first protective layer 
3: recording layer 
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4: second protective layer 
5: reflective layer 

However, the structure is not limited to this. Accordingly, other layers such as a resin protective layer of 
a UV curing resin and an adhesive layer for lamination with another substrate may be formed on the second 
5 protective layer provided that the effect of the present invention does not deteriorate to an unacceptable 
level. 

In this reflective layer, thermal diffusion is easily caused from the protective layer and amorphous 
marks are easily recorded by increasing the cooling speed of the molten recording layer at the time of 
writing. The reflective layer provides the effect of improving the contrast of the read-out signals by virtue of 
w optical interference and the effect of preventing thermal deformation of the deformation prevention layer and 
the like. 

The thickness of the reflective layer is preferably from 10 to 100 nm. Materials for the reflective layer 
are, for example, a metal, or a mixture of a metal with a metal oxide, metal nitride or metal carbides. These 
materials have adequate reflectance and absorbance of the writing beam and have a higher thermal transfer 

75 coefficient than that of the protective layer. For example, Zr, Hf, Ti, Ta, Mo, Si, Ai, Au, an alloy of one or 
some of these metals, a mixture of one or some of the metals with Zr oxides, Si oxides, Si nitrides or Ai 
oxides. Particularly, preferred are Hf, Ta, or known alloys including Hf or Ta as the principal component 
because of their high chemical stability can protect the recording layer from the surrounding environment, 
can prevent oxidation and corrosion and can improve the life of the optical recording medium. More 

20 preferred are Hf or alloys including Hf as the principal component which because they provide high 
erasability. 

The substrate material of the conventional recording media such as plastics, glass, metal such as 
aluminum, etc., can be used for the substrate of the present invention. When writing is made by use of a 
focused light beam from the substrate side in order to avoid any influences of dust and scratches of the 
25 substrate, a transparent material is preferably used for the substrate. Examples of such a material include 
glass, polycarbonate, polymethyl methacrylate, polyolefin resins, epoxy resins, polyimide resins, and the 
like. 

Particularly preferred are the polycarbonate resin and the epoxy resin because they have low optical 
birefringence and hygroscopicity and can be molded easily. Particularly when high heat resistance is 
30 required, the epoxy resin is preferred. 

Glass is a preferred material when extremely high reliability is required, because it has high thermal 

and chemical stability. 

' Though there is no restriction to the thickness of the substrate, it is practically from 0.01 to 5 mm. If the 
thickness is too small, the recording media are susceptible to the influences of dust when writing is made 

35 by the optical beam focused from the substrate side and if it is too great, it is difficult to use an objective 
lens with large numerical aperture and the beam spot size of the radiation beam becomes large so that 
recording density cannot be increased easily. The substrate may be either flexible or rigid. The flexible 
substrate can be used in a tape form, a sheet form or a card form. The rigid substrate can be used in the 
card form or a disk form. The optical recording medium of the present invention may be laminated to have 

40 an air sandwich structure, an air incident structure or a solid structure after the recording layer and the like 
are formed. 

The optical source used for writing of the optical recording media of the present invention is an optical 
source having high intensity such as a laser beam or a strobo beam and a semiconductor laser beam is 
particularly preferred because the optical sources can be made compact, their power consumption is low 
45 and the modulation is easy. 

Writing is made by irradiating a laser beam pulse or the like to the recording layer in the crystalline 
state to form amorphous recording marks. Recording marks in the crystal state may be formed on the 
amorphous recording layer, on the contrary. Erasing can be made by crystallizing the amorphous recording 
marks by the irradiation of the laser beam or by changing the state of the recording marks in crystalline 
50 state into amorphous. 

It is preferred to employ a method that the amorphous recording marks are formed at the time of 
writing and crystallization are performed at the time of erasing because the writing speed can be improved 
and deformation of the recording layer does not occur easily. 

Single beam overwriting is preferred because the rewriting time is short. In the single beam overwriting, 
55 laser beam power is modulated between peak level for amorphization and bias level for crystallization. 

Where emphasis is put on erasability, the principal portions of the optical recording medium are 
preferably constituted in the following way because erasability is great. 

In other words, preferred is the structure wherein the first deformation prevention layer is from 50 to 300 



5 



EP 0 373 955 A1 



nm thick, the second deformation layer is from 10 to 30 nm thick, the recording layer is from 10 to 60 nm 
thick and the reflective layer is from 20 to 1 00 nm thick, because the recording layer can be quenched 
rapidly. However, limitations to this structure are not particularly necessary and other layers such as a resin 
protection layer of a UV curing resin or an adhesive layer for lamination with another substrate may be 

5 disposed on the second deformation prevention layer provided that the effects of the present invention are 
not unacceptably deteriorated. 

Furthermore, it is more preferred that the optical recording medium has the structure described above 
and its recording layer has the composition expressed by the following formula: 
(PdxSbyTe! . x . y )i .z(Te 0 .5Ge 0 .5)z 

10 0.01 ^ x ^ 0.1 
0.35 < y ^ 0.45 
0.2 ^ z < 0.4 

where each of x, y, z and 0.5 represents the atomic fraction of each element. 

The material of the reflective layer of the optical recording medium having the structure described 
15 above is preferably Au or Al or alloys comprising Au or Ag as the principal component because writing in a 
high density can be made. 

Where emphasis is put on write sensitivity, the constituent members of the optical recording medium 
have preferably the following structure since writing sensitivity is high, 

In other words, preferred is a structure wherein the first protective layer is from 50 to 300 nm thick, the 
20 second deformation prevention layer is from 150 to 250 nm thick, the recording layer is from 10 to 60 nm 
thick and the reflective layer is from 20 to 100 nm thick. However, limitation to this structure are not 
particularly necessary and other layers such as a resin protection layer of a UV curing resin, an adhesive 
layer for lamination with another substrate, and the like, may be disposed on the second deformation 
prevention layer provided that the effects of the present invention are not deteriorated unacceptably. 
25 In the structure described above, the recording layer has particularly preferably the following composi- 
tion: 

(Pd x Sb y Te 1 . x .y) 1 . z (Teo.5Geo.5)z 
0.01 £ x £ 0.1 
0.45 ^ y ^ 0.65 
30 0.2 ^ z ^ 0.4 

where each of x, y, z and 0,5 represents the atomic fraction of each element. 

Since erasability is high, it is particularly preferred to use Hf or an alloys comprising Hf as the principal 
component as the material of the reflective layer. 

Next, the production method of the optical recording media of the present invention will be described. 
35 Known thin film formation methods in vacuum, e.g. vacuum evaporation, ion plating, sputtering, can be 
used as the method of forming the recording layer, the protective layers, the reflective layers and the like 
on the substrate. Particularly preferred is sputtering because the composition and the film thickness can be 
controlled easily. 

The thickness of the recording layer and the like to be formed can be controlled easily by monitoring it 
40 by a thickness meter such as a crystal oscillator or the like. 

The formation of the recording layer and the like may be carried out while the substrate is kept fixed, or 
is under the moving or rotating state. It is preferred to turn the substrate on its own axis because good 
uniformity of the deposited film thickness inside the plane is high and it is more preferred to combine the 
revolution. 

45 After the recording layer, the protective layer and the like are formed, other layers such as a resin 
protective layer of UV curing resins may be formed, whenever necessary, in order to prevent scratches and 
deformation. After the recording layer, the protective layer and the like are formed or after the resin 
protective layer described above is formed further thereon, two substrates may be bonded them to face 
each other by an adhesive. 

50 

Examples: 

The present invention will be hereinafter described with reference to examples thereof but the invention 
55 is not limited thereto. 

Incidentally, the compositions of the recording layers in the examples were confirmed by an inductively 
coupled plasma atomic emission spectrometry (SEIKO FTS-1100). 

The carrier-to-noise ratio (C/N) of the writing signals was measured by a spectrum analyzer. Erasability 
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is defined as the difference obtained by substracting the residual signal level of written marks after a signal 
pass erasure or rewrite with another frequency by overwriting from the original recorded carrier signal level. 



5 Example 1: 

A recording layer, protective layers and a reflective layer were formed by sputtering while a polycar- 
bonate substrate which was 1.2 mm thick and 13 cm in diameter and equipped with spiral grooves of 1.6 
um pitch was being rotated at 30 r.p.m. 

10 First of all, after pump-down was made to 7 x 1CT 5 Pa, a 130 nm-thick first protective layer of ZnS was 
formed on the substrate by sputtering in an Ar gas atmosphere of 6 x 10~ 1 Pa. While the thickness of Te, 
Sb, TeGe and Pd was being monitored by a quartz thickness meter, a 50 nm-thick recording layer having a 
composition of (Pdo.o4Sbo.55Teo.38)o.65(Geo. 5 Teo.5)o.35 was formed by co-sputtering. A 200 nm-thick second 
protective layer of ZnS was formed on the recording layer and a 40 nm-thick Hf layer was formed as the 

75 reflective layer on this second protective layer, thereby constituting the optical recording medium of the 
present invention. 

While this optical recording medium was being rotated at a linear velocity of 1.5 m/sec, a semiconduc- 
tor laser beam of a wavelength of 830 nm which was focused by an objective lens having a numerical 
aperture of 0.5 was continuously irradiated with erase power of 3.4 mW and scanned twice on the tracks so 

20 as to crystallize the recording layer. Due to this crystallization, reflectance of the recording layer was raised 
twice the initial value. Thereafter, writing was carried out by a 15 mW semiconductor laser beam modulated 
to a frequency of 4.5 MHz and duty of 50% at a linear velocity of 15 m/sec by use of the same optical 
system as described above. 

After writing, the intensity of the semiconductor laser beam was changed to 0.7 mW to scan the written 

25 part so as to read the written part. As a result, it could be confirmed that reflectance of the recording mark 
portions dropped due to the change to the amorphous state and writing was effected. The C/N of the read- 
out signal was measured under the condition of a band width of 30 kHz. The carrier intensity of the writing 
frequency was found to be -14.5 dBm, the noise level was found to be -65 dBm and the C/N ratio was 50.5 
dB at which good digital recording could be made. This writing condition corresponded to a high speed 

30 data rate of 6.7 Mbps in a (2,7) code. 

When a semiconductor laser beam of 9 mW was irradiated once to the written portions at a linear 
velocity of 15 m/sec, the written content was erased. The erasability at this time was as good as 30 dB. It 
could be understood from the result described above that erasing could be made by the irradiation of an 
erasing optical beam of about 70 nsec. Even after writing and erasing cycles of 1,000 times under the 

35 writing and erasing conditions described above, the laser power necessary for writing and erasing remained 
unchanged, the increase in the noise level of the read-out signal could not be observed and degradation of 
the recording characteristics could be hardly observed, either, with C/N being 50.5 dB. Degradation of 
erasability could not be observed, and, in erasability a good value of 30 dB could be obtained. 

Since writing and erasing could be carried out at the same linear velocity as described above, rewriting 

40 by the 1-beam overwrite system which effects rewriting by a single operation by superposing the writing 
pulse with the power of the erasing level could be estimated as being possible. 

When the optical recording medium written under the writing condition described above was read after 
it was left standing for 1,000 hours in a temperature-humidity chamber at 60° C and 90% R.H., the change 
•of the C/N was within 3 dB and degradation could be hardly observed. When writing was made once again, 

45 C/N hardly changed in comparison with the value before the recording medium was placed into the 
temperature-humidity chamber. From this result, the medium was estimated to have a life of more than 10 
years. 

When the crystallization temperature of this recording layer was measured from the change of the D.C. 
resistance at the time of temperature rise and from the change of the light transmission, it was found to be 
50 160° C at the rate of temperature rise of 10° C/min. Accordingly, thermal stability at normal temperature 
was estimated to be good. 

Example 2: 

55 

An optical recording medium was produced in the same way as in Example 1 except that the 
composition of the recording layer of Example 1 was changed to (Auo.o3Sbo.49Te 0 .48)o.7(C3eo.5Teo.5)o.3 and the 
reflective layer was changed to a 20 nm-thick Au layer. The recording layer of this optical recording 
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medium was crystallized under the same condition as that of Example 1. At this time, reflectance of the 
.recording layer rose twice the initial value due to crystallization. Thereafter, writing was effected by a 12 
mW semiconductor laser beam modulated to a frequency of 2.5 MHz and duty of 50% by use of the same 
optical system as the one described already under the condition of a linear velocity of 7.5 m/sec. 
5 When reading of this optical recording medium was effected at 7.5 m/sec, the C/N of the read-out 
signal was found to be 50 dB. This written part could be erased under the erasing condition of a linear 
velocity of 7.5 m/sec and at 6.0 mW. Erasability at this time was 26 dB. 



10 Example 3: 

An optical recording medium was produced in the same way as in Example 1 except that the substrate 
of Example 1 was changed to a 1 .2 mm-thick polymethyl methacrylate sheet of 32 mm square. Writing and 
erasing were carried out by use of the same optical system as that of Example 1 while this recording 

is medium was fixed under the stationary state. The writing pulse was 20 mW and 100 nsec and the erasing • 
pulse was 9.5 mW and 100 nsec. Reading was made at 0.5 mW. Even after the writing and erasing cycles 
of 100,000 times, writing and erasing were possible and hardly any change of the reflections at written and 
erased states could be observed. Furthermore, degradation of the characteristics could not be observed. 
The crystallization temperature of this recording layer was measured from the change of the D.C. 

20 resistance at the time of temperature rise and from the change of light transmission. It was found to be 
160° C at the temperature rise condition of 10° C/min. Accordingly, thermal stability at normal temperature 
was estimated to be good. 

25 Comparative Example 1: 

An optical recording medium was produced in the same way as in Example 2 except that the 
composition of the recording layer of Example 2 was changed to the following composition (a): 
(a): (Pdo.i4Sbo.5oTeo.36)o.72(Geo.5Te 0 .5)o.28 
30 In the case of the composition (a), when writing and erasing were repeated under the same writing and 
erasing conditions as those of Example 2, the erasing characteristics got remarkably deteriorated after 10 
cycles. The erase ratio at this time dropped to about 15 dB. 



35 Comparative Example 2: 

Optical recording media were produced in the same way as in Example 3 except that the composition 
of the recording layer in Example 3 was changed to the following compositions (b) and (c), and writing and 
erasing were carried out in the same way. 
40 (b): (Sbo.6oTe 0 .4o)o.7(G@o.5Teo.5)o.3 

(c): (Au 0 .o5Sbo.75Te 0 .2o)o.7(Geo.5Teo.5)o.3 

In the case of the compositions (b) and (c), the difference of reflectance between the writing state and 
the erasing state fluctuated and was unstable with writing and erasing cycles. The variation of the 
reflectance became gradually smaller after writing and erasing of 10,000 times and writing and erasing 
45 became difficult. 



Example 4: 

50 An optical recording medium was produced in the same way as in Example 3 except that the 
composition of the recording layer was changed to 

(Ago.o5$bo.57Teo.38)o.7(Geo.5Te 0 .5)o.3- 

Writing and erasing of this optical recording medium was carried out in the same way as in Example 3. 
The writing pulse was 14 mW and 200 ns and the erasing pulse was 6 mW and 300 nsec. Reading was 
55 carried out at 0.5 mW. Writing and erasing were possible even after the writing and erasing cycles of 
100,000 times under this condition. 
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Example 5: 

An optical recording medium was produced in the same way as in Example 3 except that the 
composition of the recording layer in Example 3 was changed to (Nio.o3Sbo.39Te 0 .58)o.64(Geo.5Te 0 .5)o.36. and 

5 writing and erasing were effected in the same way as in Example 3. The writing pulse was 17 mW and 100 
nsec and the erasing pulse was 8 mW and 100 nsec. Reading was carried out at 0.5 mW. Writing and 
erasing were possible 100,000 times under this condition. An optical recording medium having a recording 
layer of the composition (Pd 0 .o4Sbo.47Te 0 .49)o.66( ( 3eo.5Teo.5)o.34 was produced in the same way as above and 
writing and erasing were effected under the same writing condition. As a result, the writing and erasing 

io cycles of 1 ,000,000 times were possible. 



Example 6: 

75 The material of a recording layer having the composition of (Pdo.o4Sbo.49Teo.49)o.66(Q©o.sTeo.5)o.34 of 
Example 5 was deposited on a fluororesin sheet ("Teflon") of Du Pont in a thickness of 500 nm by use of 
the same sputtering apparatus as that of Example 1. Thereafter, the recording layer in the amorphous state 
was scraped off to prepare the powder of the recording layer. The powder was subjected to DSC 
measurement (differential scanning caiorimetry). The sample amount was 8 mg for each measurement. A 

20 calorimeter DSC-50 of Shimazu Seisakusho was used for measurement. 

The peak temperature of crystallization when measured at the temperature rise rate of 10* C/min was 
185° C and was 190° C at the temperature rise rate of 20° C/min, and this value was sufficiently higher 
than the normal ambient temperature of use. 

Activation energy determined from the measurement results at the temperature rise rates of 5 C/min, 

25 10° C/min, 20° C/min and 40° C/min was 2.2 eV. 

The crystallization temperature of the material Ge 2 Sb 2 Te 5 of the recording layer of the prior art 
reference was 142° C and activation energy was 2.2 eV [N. Yamada et al., Jpn, J. Appl. Phys. 26, Suppl., 
26-4, 61-66(1987)]. In comparison with this prior art reference, the amorphous state of the recording layer of 
the present invention had sufficiently higher thermal stability and stability of the recording marks was also 

30 higher. 



Example 7: 

35 An optical recording medium having the structure shown in Fig. 3 was produced by changing the 
composition of the recording layer of Example 1 to (Pd 0 .o3Sb 0 .47Teo.5o)o.66(G©o.5 T eo.5)o.34, forming the 
reflective layer by a 50 nm-thick film of an Ni 8 oCr 2 o alloy and forming further a 0.01 mm-thick protective 
layer of an acrylic UV curing resin on this reflective layer. In the drawing, reference numerals represent the 
following members. 
40 1 : substrate 

2: first protective layer 
3: recording layer 
4: second protective layer 
5: reflective layer 
45 6: resin protective layer 

Writing and erasing cycle was repeated 20 20 times onto this recording film in the same way as in 
Example 1 except that the recording frequency was set to 5.33 MHz. The C/N of the read-out signal after 
writing times was 50 dB. Thereafter, only the erasing power was changed within the range of 7 mW - 12 
mW and writing and erasing were repeated to measure the erasability. The results were shown in the 
50 following Table 1 . Good values of erasability of more than 30 dB could be obtained in a wide power range 
of 9 to 12 mW. 
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Table 1 



5 



70 



erasing 


erasability 


power 




(mW) 


(dB) 


7,5 


21.1 


8.0 


28.9 


9.0 


30.5 


10.5 


30.0 


11.0 


32.0 


11.5 


32.0 


12.0 


30.4 



Comparative Example 3: 

20 

An optical recording medium was produced by changing the composition of the recording layer of 
Example 7 to a composition corresponding substantially to (Sb 0 .48Teo.5z)o.64(Geo.5Teo. 5 )o.36 which was 
obtained by removing Pd from the composition of the recording layer of Example 7, and measurement was 
carried out in the same way as in Example 7. C/N after writing of 20 times was 50 dB. The results of 
25 measurement were shown in the following Table 2. Erasability was at most about 26 dB at 9 mW -12 mW 
but this value was lower by 4 dB than the value of Example 7. 

Table 2 



35 



erasing 


erasability 


power 




(mW) 


(dB) | 


7.0 


12.8 


8.0 


24.8 


9.0 


26.1 


10.0 


25.3 


11.0 


26.8 


12.0 


26.4 



45 Example 8: 

The following recording layer, deformation prevention layers and reflective layer were formed on the 
same substrate as that of Example 1 by use of the same sputtering apparatus, the same vacuum and in the 
same Ar gas atmosphere as in Example 1, and a protective layer of an acrylic UV curing resin was formed 
so to obtain an optical recording medium having the following layer structure. 



Layer Structure: 

55 substrate/first protective layer/recording layer/second protective layer/reflective layer/resin protective layer 
first protective layer: ZnS, 160 nm thick 

recording layer: (Pd 0 .o3Sbo.47Teo.5o)o.66(Geo.5Teo. 5 )o.34 30 nm thick 
second protective layer: SisN*, 20 nm thick 
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reflective layer: Au, 40 nm thick 

resin protective layer: acrylic resin, 0.01 mm thick 

One-beam overwrite was effected to this optical recording medium by use of the same writing 

apparatus as that of Example 1 except that the numerical aperture (N.A.) of the objective was 0.55 and the 
5 wavelength of the semiconductor laser was 780 nm. 

The writing conditions were the linear velocity of 8 m/sec, the writing power level of 16 mW and the 

erasing power level of 9 mW and writing was repeated alternately 10 times by the writing frequency of 3.7 

MHz and 1.4 MHz (each pulse width was 90 nsec constant), and the C/N after writing at 3.7 MHz and 

erasability at 3.7 MHz after overwrite at 1.4 MHz were measured. As a result, a good value of the C/N of 50 
10 dB and the erasability of 28 dB could be obtained and the optical recording medium of the present 

invention was confirmed to have excellent overwrite characteristics. 



Claims 

15 

1. An optical recording medium comprising a substrate and at least each of a recording layer and a 
protective layer, said recording layer being formed on said substrate for recording information thereon or 
reading or erasing the information on record thereon by light-irradiation on the recording layer, wherein the 
recording and erasing of information takes place through a phase transition between an amorphous phase 

20 and a crystalline phase in said recording layer, said recording layer having a composition represented by 
the following formula: 
(M x SbyTei. x .y)i. 2 (Teo.5Geo,5)z 

wherein M is at least one metal selected from the class consisting of palladium, nickel, silver and gold; each 
of x, y and z represents the atomic fraction of respective elements; and 0.01 £ x ^ 0.1, 0.35 ^ y ^ 0.65 and 
25 0.2 ^ z ^ 0.4. 

2. An optical recording medium according to claim 1, wherein the composition of said recording layer 
comprises a solid solution of an alloy between at least one kind of metal selected from the group consisting 
of palladium, nickel, silver, and gold; antimony; and tellurium, with a stoichiometric compound GeTe 
(germanium telluride). 

30 3. An optical recording medium according to claim 1 or 2, wherein 0.35 ^ y ^ 0.65 and M is a Pd and/or 
Ni element. 

4. An optical recording medium according to any preceding claim, wherein said optical recording 
medium comprises a substrate/first protective layer/recording layer/second protective layer. 

5. An optical recording medium according to claim 1, 2 or 3, wherein said optical recording medium 
35 comprises a substrate/first protective layer/recording layer/second layer/reflective layer. 

6. An optical recording medium according to claim 5, wherein said first protective layer is 50 nm ~ 300 
nm thick, said second protective layer is 150 nm ~ 250 nm thick, said recording layer is 10 nm - 60 nm 
thick and said reflective layer is 20 nm ~ 100 nm thick. 

7. An optical recording medium according to claim 5 or 6, wherein the material of said reflective layer is 
40 hafnium (Hf), tantalum (Ta) or an alloy containing Hf or Ta as its principal component. 

8. An optical recording medium according to claim 6 or 7, wherein M is Pd and 0.45 ^ y ^ 0.65. 

9. An optical recording medium according to claim 5, wherein said first protective layer is 50 nm - 300 
nm thick, said second protective layer is 10 nm ~ 30 nm thick, said recording layer is 10 nm ~ 60 nm thick, 
and said reflective layer is 20 nm - 100 nm thick. 

45 10. An optical recording layer accordingly to claim 5 or 9, wherein the material of said reflective layer is 
Au or At or an alloy containing Au or Al as its principal component 

11. An optical recording medium according to claim 9 or 10, wherein M is Pd and 0.35 £ y S 0.45. 

12. An alloy for use in preparing a recording layer of an optical recording medium, which alloy has the 
formula (M x Sb y Tei. x . y ), wherein x and y are as defined in claim 1 . 

so 13. An alloy composition for providing a recording layer of an optical recording medium, which alloy 
composition has the formula (M x Sb y Te^y) (Teo. 5 Geo. 5 )z, wherein x, y and z are as defined in claim 1 . 
14. An optical recording medium including a recording layer having a composition as defined in claim 1. 



55 



11 



EP 0 373 955 A1 



Fig.1 




Fig. 2 

1 



2 

V/////////////////^ 3 



\\V\\\\\\\\\\\Vk ^5 



.1 



Fig. 3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



EP 89313142.5 



CLASSIFICATION OF THE 
APPLICATION (Int. CP) 



X,P 



A,P 



PATENT ABSTRACTS OF JAPAN, 
unexamined applications, 
P field, vol. 13, no. 180, 
April 27, 1989 
THE PATENT OFFICE JAPANESE 
GOVERNMENT, page 110 P 864 

* Kokai-no. 1-10 438 
(MATSUSHITA ELECTRIC IND. 
CO. LTD.) * 

PATENT ABSTRACTS OF JAPAN, 
unexamined applications , 
P field, vol. 13, no. 520, 
November 21, 1989 

THE PATENT OFFICE JAPANESE 
GOVERNMENT, page 57 P 963 W 

* Kokai-no. 1-211 249 
(ASAHI CHEM.IND CO LTD) * 

EP - Al - 0 195 532 
(ASAHI KASEI KOGYO K.K.) * 

* Claims 1-6 * 



1,2,4, 
14 



G 11 B 7/24 
G 11 B 7/26 



1,2,14 



1,14 



TECHNICAL FIELDS 
SEARCHED lint CI .*) 



G 11 B 7/00 

G 11 B 11/00 
G 11 B 13/00 
B 41 M 5/00 



The present search report has been drawn up for all claims 



Place of search 
VIENNA 



Date of completion of the search 
22-02-1990 



Examiner 

BERQER 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

_ -^j^j^yj^^^^p^pj famiiy, corresponding 
document 



